Abstract Batteries represent less than 2% of foreign bodies ingested by children, but in the last 2 decades, the frequency has continuously increased. Most ingestions have an uneventful course, but those that lodge in the esophagus can lead to serious complications and even death. Medline was used to search the English medical literature, combining ''button battery'' and ''esophageal burn'' as keywords. Cases were studied for type, size, and source of the batteries; duration and location of the battery impaction in the esophagus; symptoms; damage caused by the battery; and outcome. Nineteen cases of esophageal damage have been reported since 1979.Batteries less than 15 mm in diameter almost never lodged in the esophagus. Only 3% of button batteries were larger than 20 mm but were responsible for the severe esophageal injuries in this series. These data suggest that manufacturers should replace large batteries with smaller ones and thus eliminate most of the complications. When the battery remains in the esophagus, endoscopic examination and removal done urgently will allow assessment of the esophageal damage, and treatment can be tailored accordingly. There is a need for more public education about the dangers of battery ingestion; this information should be included as part of the routine guidelines for childproofing the home.
Introduction
Although most cases of button battery ingestion end uneventfully, those batteries that lodge in the esophagus can result in serious complications and even death. Batteries account for less than 2% of the foreign bodies ingested by children, but over the last 2 decades, the frequency has continuously increased [1, 2, 3] .During a 7-year period from July 1983 through June 1990, the National Button Battery Ingestion Hotline in the United States reported 2,382 battery ingestions [1] . The average annual increase of reported cases during this period was 24%, and the annual incidence of battery ingestion is estimated at a minimum of 2,100 cases per year. In this report, the battery lodged in the esophagus in only 16 children. In eight children, the battery spontaneously passed into the stomach while the child awaited operative intervention. Although batteries that lodged in the esophagus required removal in less than 0.35% of the cases, severe complications were found only in this group.
Since 1979, the English literature reports 19 cases of severe esophageal damage due to button battery ingestion. In reviewing these published cases, several common features emerge. We present one additional case in which a severe esophageal burn occurred less than 6 h after ingestion.
Case report
A 7-year-old white male child, while playing at home, took a battery out of a Gameboy-like device and swallowed it. He denied chewing on it. He then began having chest and upper abdominal pain, and his parents took him to the emergency department of another hospital. A chest radiograph showed an Americanquarter-sized disk battery lodged at the junction of the proximal two-thirds and distal one-third of the esophagus. A repeat film on arrival at our hospital approximately 4.5 h later showed the foreign body to be in the same location. On initial evaluation, x-ray showed no mediastinal air or other evidence of perforation. The boy had a normal white count and differential. At this time, however, he was having quite severe but episodic epigastric pain.
Shortly after admission, he underwent flexible endoscopy under general anesthesia. A blue-gray discoloration of desquamated esophageal mucosa and necrotic debris surrounding the battery was found 22-25 cm from the lips. After the debris was cleaned off, a 20 mm, 3 V lithium battery was found and removed (Fig. 1a) . Black debris was adherent to the top (anode) side of the battery (Fig. 1b) , and a 3-cm burn, about two-thirds the circumference of the esophagus, with the predominant component being anterior, was found at the site of the battery's lodgment (Fig. 2) .
The patient received intravenous ampicillin and clindamycin. After the first clindamycin dose, he developed a rash. It was discontinued and metronidazole begun. He had a central venous line placed and received total parenteral nutrition. He was afebrile throughout the course. The morning of discharge, he had a barium swallow that showed mild narrowing at the area of impaction, but no high-grade stenosis (Fig. 3a) . A repeat study in 3 weeks showed no abnormality (Fig. 3b) , and a year later he had no swallowing problems or any other complaints.
Materials and methods
Medline was used to search the English medical literature from 1979 to 2002, combining ''button battery'' and ''esophageal burn'' as keywords. Nineteen cases of esophageal damage due to button battery ingestion were reported.
Our review carefully excluded duplication of cases. Adding our case, 20 cases were reviewed for this report. These cases were studied with respect to age and gender of the children; type, size, voltage, and source of the batteries; duration and location of the battery impaction in the esophagus; symptoms; clinical signs; damage caused by the battery; and outcome.
Results

Age
Thirteen of the children were under 2 years, with six being less than 1 year old. This age distribution is similar to that seen with all foreign body ingestions. The relatively high incidence of battery ingestion in the age group of 6-12 years reported by Litovitz et al. [1] was not seen in those who had the battery lodged in the esophagus. The difference probably relates to the decreased likelihood of esophageal impaction in the largerdiameter esophagus of the older child.
Gender
Gender distribution was equal, as opposed to the male predominance seen with most foreign body ingestions and button battery ingestions that caused no damage [3, 4] . In 19 of the 20 children, the time of esophageal exposure was known. The battery was removed in the first 24 h in six. In another 12 patients, the diagnosis was delayed, in six of them for more than 1 week and in two for longer than a month. In one case, a physician made the correct diagnosis but felt the battery would spontaneously pass, until 2 weeks later when a piece of meat impacted in the child's esophagus [5] .
Symptoms
The most frequent symptom in this series was dysphagia, which was the main complaint in 12 children. Five of the children had fever, four had respiratory distress, and five were irritable. One-third of the patients had no swallowing difficulties and suffered from only minimal and nonspecific symptoms for many days after the ingestion.
Delayed and missed diagnosis
Eight cases were misdiagnosed initially; four children were thought to have respiratory infections [6, 7, 8, 9] . One child each was treated for otitis media [10] , gastroenteritis [11] , and pharyngitis [12] .The correct diagnosis was made in the other three cases, but there was a delay in diagnosis of days to weeks [13, 14, 15] . There were several reasons for the delay. In some cases, a clear history of ingestion was not obtained or the symptoms and clinical signs were not sufficiently specific to warrant suspicion. In some other instances, even in the presence of dysphagia and respiratory distress, there was a delay in recognition, suggesting a low level of awareness or suspicion of foreign body on the part of the physicians. These cases of delayed recognition demonstrate the need for an appropriate radiographic evaluation in any case that is compatible with the possibility of esophageal foreign body.
Size of batteries
A relatively large-sized button battery of more than 15 mm, and usually of 20-23 mm diameter, caused almost all of the complications [16] . This large-diameter battery, which accounts for only 3% of the reported ingestions of batteries [1] , s much more likely to become lodged in a child's small esophagus.
Type of batteries
The batteries responsible for the severe burns in this review were of several different chemical types: Six were manganese oxide, three mercury, five lithium, one sodium hydroxide, and one zinc. No specific type was responsible for causing more severe esophageal burns or being quicker in causing damage.
Five types of batteries, based on their chemical composition, are in common use: manganese, silver, mercury, lithium, and zinc [2] .Mercuric oxide batteries are the most commonly ingested [17] .In Litovitz's analysis, mercuric oxide buttons were the most likely to fragment [1] . Six children showed elevated mercury levels in their blood or urine, and all six patients were symptomatic. Other studies have reported elevated blood mercury levels without symptoms [18] as well as small bowel obstruction in a 2-year-old girl with a mercury blood level of 340 micrograms/l [19] , but no severe toxicity has been reported.
Source of batteries
Eight batteries came from cameras, two from watches, two from shoe soles, two from toys, and one from a hair drier. The reports from the other five cases did not define the sources.
Location of batteries
Fifteen batteries impacted in the upper esophagus, which is similar to the location of coin ingestions [4, 20] . In one-third of the patients, the batteries did not cause dysphagia for more than a week after ingestion.
Esophageal damage and duration of impaction
There are four mechanisms of injury caused by batteries:
1. Toxic effect due to absorption of substances. Most of the toxic mercuric oxide in batteries changes into nontoxic substances after ingestion, but some batteries contain 5 g of mercuric oxide, more than a lethal dose. Batteries containing lithium, manganese, and heavy metals other than mercury do not cause toxicity [18, 21] . 2. Electrical discharge and mucosal burn. Yamashita et al. have shown in animal experiments that it is not necessary for the battery to ''leak'' alkali to cause mucosal damage [22] . A battery in the esophageal lumen may complete an electrolytic circuit and cause local damage [23, 24, 25] . 3. Necrosis due to direct pressure, as can occur with any other foreign body. 4. Caustic injury due to leakage. Votteler et al. showed instantaneous release of the battery's contents when the battery was immersed in saline [13] .
Severe esophageal damage may occur after battery impaction in a very short period of time. In one case, a perforation occurred after only 5 h of exposure [26] .This is not surprising; we know from animal models that transmural esophageal necrosis occurs in dogs within [27] . Penetration into the mediastinum was found in seven, and tracheoesophageal fistula was found in another 10 cases.
Removal of esophageal batteries
In this series, 19 children had endoscopic removal of the battery without operative complications.
Outcome
Death was the outcome in two cases, from vascular injury leading to uncontrollable hemorrhage [11, 28] . Severe esophageal necrosis necessitated esophageal replacement by colonic interposition in three children [5, 8, 13] . Three children needed partial esophagectomy [14, 15, 29] , and eight needed multiple esophageal dilations for up to 5 years due to esophageal stricture [1, 6, 7, 10, 12, 14, 29, 30] .
Discussion
The English literature contains more than 2,000 cases of button battery ingestions published during the last 20 years, and the numbers continue to increase. Within this group, more than 20 cases suffered major complications, with almost all of them due to the battery's being lodged in the esophagus. These cases have some interesting common features regarding the causes and mechanism of the injury. We analyzed these in order to define factors that may have been responsible for the severe injuries in an attempt to improve prognosis. Battery ingestion mandates immediate cervical, chest, and abdominal anteroposterior and lateral radiographs. Batteries have a distinctive appearance on radiography, with a ''double density'' on a PA view and a ''step-off'' on lateral view [31] .
When the battery remains in the esophagus after ingestion, removal is urgently needed. We wish to emphasize again the possibility of perforation after as short a time as 5 h. Emetics rarely are effective. In addition, the emetic could cause a battery in the stomach to reflux back into the esophagus [1] . Although removal by Foley catheter or by a magnet attached to a tube has been reported with good results [32, 33] , we believe that in cases of esophageal impaction, endoscopic removal and examination should be done so as to assess the damage to the esophagus and tailor treatment accordingly. If there is a significant esophageal burn, the child should not be fed, and antibiotics should be administered until perforation has been ruled out.
A contrast esophagram or esophagoscopy should be done before allowing the child to eat. These studies can be repeated in 3-6 weeks to evaluate for the presence of a stricture. In the case of esophageal perforation and tracheoesophageal fistula, the treatment is thoracotomy and closure of the perforation or fistula. However, in this series, out of 17 cases of perforation or fistula, five underwent successful nonoperative treatment, one of them after esophageal impaction for 12 days (Table 1) . We therefore believe that nonoperative treatment should be considered if the patient's condition allows. Although rare cases of elevated blood and urine mercury levels [18, 34] and one case of Meckel's diverticulum perforation [24] due to batteries that traversed the esophagus have been reported, most of the severe complications were due to impaction of a large battery in the esophagus. Batteries less than 16 mm in diameter almost never lodged in the esophagus. Only 3% of button batteries were greater than 20 mm [1] , and these were the ones responsible for almost all of the severe esophageal injuries in this series. Are the larger batteries really necessary? Two smaller batteries with a diameter of less than 16 mm can replace one large battery while being much safer. These data suggest that manufacturers should replace large button batteries with smaller ones. This approach would eliminate almost all of the major complications seen. The manufacturers should provide a warning label on products in which large batteries must be used.
There is a need for public education about the danger of button battery ingestions. Primary care physicians should educate the parents about this hazard as part of the routine guidelines for childproofing the home.
